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(54) A dimmer and dimming lighting system 

(57) The invention provides a dimmable lighting 
system fed from a mains and connectable to at least 
one ballast and to at least one discharge lamp, the sys- 
tem including at least one switching component opera- 
ble to connect the mains voltage to the lamp's circuit at 
certain periods of time and to provide a short circuit 



across the lamp's circuit between the periods of time, 
and a control circuit for sensing the mains voltage and 
selectively activating the switching component with ref- 
erence to the mains voltage. 
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Description 

Field of the Invention 

[0001] The present invention relates to a dimmer 
and dimming lighting system that include discharge 
lamps and ballasts. In particular, the present invention is 
concerned with a dimmer and dimmable lighting sys- 
tems consisting of magnetic ballasts and operated with 
low frequency mains voltage. 

Background of the Invention 

[0002] The current lighting technology utilizes dim- 
mable systems as follows: 

[0003] Dimming is performed by means of an addi- 
tional ballast connected in series with the main ballast 
(Fig. 1). Thereby, the original open circuit voltage is 
maintained in any dimming state, while the lamp current 
is reduced but remains sinusoidal. The main disadvan- 
tage of this method is that an additional ballast must be 
added in series to each lamp in order to achieve dim- 
ming. Another disadvantage is that the reduced lamp 
current has a reduced slope near its zero crossing. 
Thereby, the re-ignition of the lamp at the beginning of 
each new half-current cycle becomes more difficult as 
the dimming becomes deeper. 

[0004] Another method of dimming is performed by 
lowering the input voltage to the lighting system (Fig. 2). 
As compared to the above-described method, this 
method can be applied to a group of lamps using a sin- 
gle dimming device, but it has the disadvantage that the 
lower open circuit voltage in the dimming mode soon 
becomes insufficient for a new half cycle re-ignition. 
Hence, a dimming of only about 25% is possible with 
this method. 

[0005] Still another method of dimming is per- 
formed by increasing the ballast current frequency (Fig. 
3). This method has the disadvantage of increased bal- 
last watt loss, with increased frequency and increased 
ballast noise, which, with magnetic ballasts, actually 
becomes intolerable. 

[0006] A further method of dimming is performed by 
means of a phase -control led electronic switch that dis- 
connects the mains voltage during some parts of the 
voltage cycle (Fig. 4). The disadvantage of this method 
is the lamp current interruptions created by the switch. 
With deeper dimming, these interruptions become 
longer, which very soon makes new half-cycle re-igni- 
tion impossible unless the lamp cathodes are continu- 
ously heated by special means. 

Summary of the Invention 

[0007] It is therefore a broad object of the present 
invention to ameliorate the disadvantages of the prior 
art dimming systems and to provide a dimmer and a 
dimming system in which a deep dimming level is 



obtainable without lamp cathode heating. 
[0008] In accordance with the present invention, 
there is thus provided a dimmable lighting system fed 
from a mains and connectable to at least one ballast 

5 and to at least one discharge lamp, said system com- 
prising at least one switching component operable to 
connect the mains voltage to the lamp circuit at certain 
periods of time and to provide a short circuit across said 
lamp circuit between said periods of time, and a control 

io circuit for sensing the mains voltage and selectively acti- 
vating said switching component with reference to said 
mains voltage. 

[0009] The invention further provides a dimmer for a 
dimmable lighting system fed from a mains and con- 
75 neetable to at loaet nr>* ♦ — * ■ * . 

_ ._ — ~- fan\j iw at iccu>t une uis- 

charge lamp, said dimmer comprising at least one 
switching component operable to connect the mains 
voltage to the lamp circuit at certain periods of time and 
to provide a short circuit across said lamp circuit 
20 between said periods of time, and a control circuit for 
sensing the mains voltage and selectively activating 
said switching component with reference to said mains 
voltage. 

[0010] In general, the present invention combines 
25 the advantages of high open circuit voltage with the 
advantages of continuous lamp current having steep 
slope at zero crossing, together with the advantages of 
handling many lamps by means of a single switching 
component. More specifically, the advantages of high 
30 open circuit voltage constitute stable lamp operation 
and safe half-cycle re-ignition, while the advantages of 
continuous lamp current having steep slope at zero 
crossing induce even more stable operation and reduc- 
tion of the required re-ignition voltages. The advantage 
35 of handling many lamps operated with magnetic bal- 
lasts by means of single switch is simplicity and low cost 
as well as the option to use the invention with existing 
lighting systems. 



AO 



Brief Description of the Drawings 



[0011] The invention will now be described in con- 
nection with certain preferred, embodiments with refer- 
ence to the following illustrative figures so that it may be 

45 more fully understood. 

[0012] With specific reference now to the figures in 
detail, it is stressed that the particulars shown are by 
way of example and for purposes of illustrative discus- 
sion of the preferred embodiments of the present inven- 

50 tion only, and are presented in the cause of providing 
what is believed to be the most useful and readily under- 
stood description of the principles and conceptual 
aspects of the invention. In this regard, no attempt is 
made to show structural details of the invention in more 

55 detail than is necessary for a fundamental understand- 
ing of the invention, the description taken with the draw- 
ings making apparent to those skilled in the art how the 
several forms of the invention may be embodied in prac- 
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tice. 

[001 3] In the drawings: 

Figs. 1 to 4 are circuit diagrams and characteristic 
curves of prior art dimmers; 5 
Fig. 5 is a circuit diagram and characteristic curves 
of a preferred embodiment of the present invention; 
Fig. 6 is a block and circuit diagram of a dimming 
arrangement for a plurality of lamps utilizing the 
dimmer according to the present invention; . w 
Fig. 7 is a block diagram of the dimming system 
according to the present invention; 
Fig. 8 is a circuit diagram of an embodiment of a 
dimming system according to Fig. 7, and 
Fig. 9 is a further embodiment of a dimming 15 
arrangement, and 

Fig. 10 is a circuit diagram of an embodiment of the 
switch of Fig. 9. 

Detailed Description of Preferred Embodiments 20 

[0014] In contradistinction to the above-described 
prior art dimmers, in Fig. 5 there is illustrated a dimmer 
2 powered from a mains and connectable across a dis- 
charge or fluorescent lamp 4. The dimmer consists of 25 
two switches S! and S 2 , e.g., solid state switches, and a 
ballast 6. S 1 is connected between the mains and the 
lamp's circuit components 4 and 6; S 2 is connected in 
parallel to the lamp's circuit components 4 and 6. 
Switches S 1 and S 2 operate in such a manner that when 30 
S 1 is open, S 2 is closed, and wee- versa. Thus, the 
lamp's current continues to flow, due to energy stored in 
the magnetic ballast 6, as seen in the characteristic 
curves. The high open circuit voltage and steep lamp 
current at zero crossing facilitate deep dimming without 35 
special cathode heating. 

[0015] The dimmer according to the present inven- 
tion can be utilized as a central dimmer for a plurality of 
discharge lamps, as illustrated in Fig. 6. The central 
dimmer 2 is advantageously connected across the 40 
mains via a power factor correction capacitor 8. The dis- 
charge lamps 4, in. this case, compact fluorescent lamps 
(CFL), are connected to the mains lines 10 via suitable 
per se known adaptors 1 2, each including a magnetic 
ballast (not shown), as opposed to the ballast 6 shown 45 
in Fig. 5. which constitutes a separate component. 
[0016] The dimmer of the dimmable lighting system 
according to the present invention is illustrated in Figs. 
7 and 8. Fig. 8 merely represents a preferred embodi- 
ment. The mains feeds a power supply 1 4, composed of so 
two transformers T 2 and T 3> leading to two bridges Dj 
and D 2 and, via capacitors C 3 and C 4 , to the rest of the 
circuit for supplying the required low DC voltages to the 
dimmer. The mains also directly feeds a phase detector 
16, an optional zero crossing detector and a switching 55 
component 18. The mains phase detector includes a 
transformer T t leading through resistors F^-Rg to com- 
parators U1A and U1B and from there to a logic circuit 



20, which governs the operation of the switching com- 
ponents 1 8 in accordance with the setting of the dim- 
ming control 22, optionally including a display. The logic 
circuit consists of two monostabie units U3A and U3B 
and two capacitors Cj and C 2 leading, via resistors R 9 - 
R n , to comparators U2A and U2B. 
[0017] According to this embodiment, switching 
component 1 8 comprises comparators U4A and U5A, 
and transistors Qj-Qe, respectively leading to bridges 
D 3 and D 4 . The logic circuit leads the switching compo- 
nent through two opto-couplers 24 and 26. The dimming 
control unit 22 is here embodied by the adjustable resis- 
tors R 7 and Rq. 

[0018] Hence, as can be understood, the phase 
detector 1 6 monitors the mains and identifies its phase, 
e.g., zero crossings, and transfers this information to the 
logic circuit 20. Substantially upon the mains voltage 
crossing the zero line, the logic circuit activates the 
switching component, at least twice during each half- 
cycle of the mains voltage, for a duration of time preset 
by the dimming control, as illustrated in Fig. 5. 
[0019] The switching component thus facilitates 
continuous lamp current at the dimming state while 
maintaining the original open circuit voltage and nearly 
the original current slope at zero crossing. This facili- 
tates very effective dimming without special cathode 
heating, although cathode heating could just as well be 
applied. 

[0020] Fig. 9 illustrates another embodiment of a 
dimmable lighting system according to the present 
invention, suitable for assuring efficient re-ignition of a 
discharge lamp. Seen is a discharge lamp 4, with an 
igniter 28 connected thereacross and a ballast 6 con- 
nected to a four-position switch 30. Contacts S 3 and S 6 
lead via diodes 32, 34 to one line of the mains, while 
contact S 4 leads directly to the same line and contact S5 
leads directly to the other line of the mains. In addition, 
contacts S 3 and S 6 are respectively connected via 
capacitors 36, 38 to said other line of the mains. Thus, 
during the periods of time that switch 30 does not 
directly contact the mains, it contacts alternative voltage 
sources. 

[0021] The operation of the dimmer is as follows: At 
each cycle of the mains, capacitors 36, 38 are charged 
to the main's peak voltage. At the termination of the 
positive half cycle of the mains voltage, the current in 
lamp 4 will rapidly decrease. In order to slow down the 
rate of decrease of the current, namely, to delay as far 
as possible its reaching zero, so as to increase the 
phase difference between the current and voltage with a 
view towards improving the lamp's re-ignition, the con- 
tact S 3 of switch 30 is closed for a short period or peri- 
ods of time, thereby causing further current to flow 
through the lamp. The voltage on the capacitor 36 will 
decrease until the next positive cycle, in which it will 
recharge again through diode 32. The operation of the 
circuit during the negative half -cycle will be the same in 
conjunction with contact S 6 of switch 30 and capacitor 
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38. The application of the additional current to the lamp 
at the proper timing can be easily controlled on the 
basis of constant measurement of the zero crossing of 
the mains voltage waves, e.g., in synchronization with 
phase detector 1 6 (Figs. 7 and 8). 5 
[0022] A solid-state-based embodiment of the four- 
position switch 30 of Fig. 9 is shown in Fig. 10. The 
^ switch includes four transistors Q 1 to Q 4 for driving cur- 
rent respectively through insulating transformers T 1t T 2 , 
T 8 and T 9 . Transistor Q 5 and diode D 6 constitute an OR w 
gate for operating transistor Q 4t and capacitors C, and 
C 2 serve as filters. Diodes Q, to D 4 facilitate flow of cur- 
rent after cut-off of current to the transformers T 1p T 2 , T 8 
and T 9 . The latter provide operating voltages to the 
gates of transistors Q 14 to Q 19 , while transistors Q G to i? 
Oq serve as the non-conducting arrangement for tran- 2. 
sistors Q 14 to Q 19 by calibrating the gates thereof. 
Diodes D 5 , D 23> D 28 and D 24 enable charging the gates 
of transistors Q 14 to Q 19 , and diodes D 16 , D 17 , D 18 , D30, 
D 31 , D 27 and D 28 are used as OR gates for operating 20 3. 
the non-conducting state of transistors Q 14 to Q 19 . 
Zener diodes D 19 , D 20 , D 21 and D^ protect the gates of 
transistors Q 14 to Q 19 against high voltage, while resis- 
tors R 1 to R 4 , R 1t , R 13 , R 15 and R 17 limit the current 
flow to these transistors. Resistors R 5 , R 10l R 12 , r 14 25 
and R 16 are discharge passageways from the bases of 
the transistors Q 4> Q 6 to Q 9 . Capacitors C 3 , C 4 and C 6 4. 
retain the charge on the gates of transistors Q 16 to Q 19 . 
[0023] The operation of the switch 30 is as follows: 
a voltage pulse applied to input "MAIN ON" activates 30 
transistor Q 3 , causing current to flow through the pri- 5. 
mary of transformer T 8 . The resulting voltage across 
points 3, 4 of the secondary coil of the transformer 
charges transistors Q 14 and Q 15 through diode D 23 , 
rendering the transistors conductive. Simultaneously 35 
the voltages built up across points 5,6; 7,8 and 9,10 of 
the secondary coils of transformer T 8 render transistors 6. 
Q 6 , Q 7 and Q 9 conductive, causing discharge of the 
gates of transistors Q 18 , Q 19> Q 16 and Q 17 , respectively, 
thus preventing the flow of current therethrough. A sim- 40 
ilar operation takes place upon the appearance of a volt- 7. 
age pulse across inputs "BOOST+", "BOOST-" and 
"FREE WHEEL." 

[0024] It will be evident to those skilled in the art 
that the invention is not limited to the details of the fore- 45 
going illustrated embodiments and that the present 
invention may be embodied in other specific forms with- 
out departing from the spirit or essential attributes 8. 
thereof. The present embodiments are therefore to be 
considered in all respects as illustrative and not restric- 50 
tive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing descrip- 
tion, and all changes which come within the meaning 
and range of equivalency of the claims are therefore 
intended to be embraced therein. 55 



Claims 

1. A dimmable lighting system fed from a mains and 
connectable to at least one ballast and to at least 
one discharge lamp, said system comprising: 

at least one switching component operable to 
connect the mains voltage to the lamp's circuit 
at certain periods of time and to provide a short 
circuit across said lamp's circuit between said 
periods of time, and 

a control circuit for sensing the mains voltage 
and selectively activating said switching com- 
ponent with reference to said mains voltage. 

2. The dimmable lighting system as claimed in claim 

1, wherein said switching component consists of a 
changeover solid state switch. 

3. The dimmable lighting system as claimed in daim 

2, wherein said changeover solid state switch con- 
sists of a first on-off AC switch connected between 
said mains and said lamp circuit and a second on- 
off AC switch connected in parallel to said lamp cir- 
cuit. 

4. The dimmable lighting system as claimed in claim 
1, wherein said ballast is a coil-core magnetic bal- 
last. 



The dimmable lighting system as claimed in claim 
1, wherein said control circuit senses zero crossing 
of the mains voltage and changes the state of said 
switching component at least twice during each half 
cycle of said mains voltage. 

The dimmable lighting system as claimed in claim 
1 , wherein said control circuit comprises means for 
adjusting the level of light intensity. 

The dimmable lighting system as claimed in claim 
1, wherein said control circuit comprises a sensor 
for identifying mains voltage zero crossing and for 
activating timing means for actuating said switching 
component at certain time intervals following the 
zero crossing. 

A dimmer for a dimmable lighting system fed from a 
mains and connectable to at least one ballast and 
to at least one discharge lamp, said dimmer com- 
prising: 

at least one switching component operable to 
connect the mains voltage to the lamp circuit at 
certain periods of time and to provide a short 
circuit across said lamp circuit between said 
periods of time, and 

a control circuit for sensing the mains voltage 
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and selectively activating said switching com- 
ponent with reference to said mains voltage. 

9. The dirhmable lighting system as claimed in claim 

1, wherein, during periods of time that said switch- 5 
Ing component does not contact the mains, it con- 
tacts alternative voltage sources. 

10. The dimmable lighting system as claimed in claim 

9, wherein said alternative voltage sources are io 
capacitors. 
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(54) A dimmer and dimming lighting system 

(57) The invention provides a dimmable lighting sys- 
tem fed from a mains and connectable to at least one 
ballast and to at least one discharge lamp, the system 
including at least one switching component operable to 
connect the mains voltage to the lamp's circuit at certain 



periods of time and to provide a short circuit across the 
lamp's circuit between the periods of time, and a control 
circuit for sensing the mains voltage and selectively ac- 
tivating the switching component with reference to the 
mains voltage. 



Fig. 5. 
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